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REMARKS 



The allegation that the claims lack written description is traversed. Claim 1 has been 
amended to recite, La., that the glycoprotein comprises at least one section of a human amino 
acid primary structure of CD55. Support for this amendment is found in the specification, e.g. on 
page 5, lines 12-18. Thus, the claims literally cover naturally occurring sequences and the recited 
glycostructure which reacts with SC-1. Thus, the Section 1 12 rejection should be withdrawn. 

As for the anticipation rejections, neither Medof nor Tsuji, "as evidenced by Hensel," 
anticipates the instant claims. The Examiner improperly alleges that the proteins of the 
references possess "the inherent property of binding the SC-1 monoclonal antibody." There is no 
suggestion in the references that this alleged "inherent property" actually exists. Contrary to the 
assertion of the Examiner, it is the burden of the PTO to prove that the existence of such an 
allegedly "inherent property," is "reasonable" to presume. Only then does the burden shift to the 
applicant to disprove such an assertion. In re Best, 562 F.2d 1252, 195 USPQ430 (CCPA 1977). 

Furthermore, applicants do not understand what is meant by the Examiner's statement "as 
evidenced by Hensel." The fact is that it is known the glycoproteins of the prior art do not 
exhibit the property of binding to the SC-1 monoclonal antibody. In the Medof ( f 84) reference 
cited by the Examiner in the Office Action, a glycoprotein is isolated from non-tumor cells 
(human red blood cells), which has a molecular weight of 70,000 D. Hensel does not disclose 
that this protein is "inherently" reactive toward SC-1 . Rather, the proteins studied by Hensel are 
from tumor cells. Hensel does not disclose that SC-1 reacts with non-tumor cells, such as the red 
blood cells studied in the Medof ('84) reference. All this evidence supports only that Medof s 
protein is different from that of Hensel. Nothing supports the examiner's presumption. 
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In a 1987 publication (Medof et al (1987) J. Exp. Med., 1987 March; 165(3): 848-64, 
attached), abstract, Medof and colleagues further characterize the so-called membrane-bound 
"wild type form" of CD55/DAF protein (70/72 kD) reported in their 1984 paper, and show that it 
is found not only on erythrocytes, but also on other non-tumor (non-transformed) cells, such as 
endothelium, epithelium, mucosa, etc. and on cell lines such as HeLa. In a more recent 
publication (Hensel et al. (2001, Lab. Invest., Nov. 8(11): 1553-63, attached), this group clearly 
shows that SC-1 (which is shown to bind to the CD55/DAF, 82 kD, variant molecules as in the 
present invention) does not bind to HeLa cells. See, e.g., pages 857-858. This reference also 
reports that the tumor cells 23132 express both types of CD55/DAF, the "Medof-type," having a 
molecular weight of 72 kD, and the type of the instant invention, having a molecular weight of 
82 kD. Only the latter type of glycoprotein interacts with SC-1. These biochemical and 
immunochemical data prove unambiguously that the SC-1 antibody does not bind to the Medof 
CD55/DAF variant, but binds exclusively to a tumor-specific variant. 

Similarly, the glycoprotein of Tsuji, also obtained from non-tumor human blood, does not 
"inherently" comprise a tumor-specific glycostructure that interacts with SC-1. 

In view of the preceding amendments and arguments, the application is believed to be in 
condition for allowance, which action is respectfully requested. 
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The Commissioner is hereby authorized to charge any fees associated with this response 
or credit any overpayment to Deposit Account No. 13-3402. 



MUXEN, WHITE, ZELANO & BRANIGAN, P.C. 

Arlington Courthouse Plaza 1, Suite 1400 

2200 Clarendon Boulevard 

Arlington, Virginia 22201 

Telephone: (703) 243-6333 

Facsimile: (703)243-6410 



FILED: June 12, 2002 

K:\WEICKM\2\REPLY.doc 



Respectfully submitted, 
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Conjunctiva 




anti-DAF anti-CRI 

Figure 1. Various tissues were examined immunohistochemically for DAF 
using anti-DAF mAbs and the peroxidase method. Anti-DAF and control 
ami-CRl -stained sections or tissues are shown on the left and right hand sides 
of each panel, respectively. (A) Marked anti-DAF staining of corneal epithe- 
lium is apparent. The staining is localized to the epithelial cell membrane and 




anti-DAF anti-CRI 

increases in intensity in upper epithelial cell layers. (B) Sections of tarsal 
conjuctiva are shown. Prominent anti-DAF staining of glandular tissues is 
apparent. (Q Anti-DAF staining of salivary glands is observed. The staining 
is most intense on internal luminal surfaces. 



00 

to 



> 
> 

S 

r 

c 



a 

R 

> 

> 
O 

o 



z 
o 



o 



1 



CO 



£ 3* *3 B- S 

nf s > a is 

T. E ^ 5 JJ 3 

b 



Jn> 3 3 o 

C 3 n - 

-i 3 (/» < 

J-g 1 

3 ~ 



- J* a 3 



C 3 ™ - 

-i 3 < 
3* w rt 2 

gl a - 



> ar a « & g §■ 

a. 3 1 c h: 

1i"< a- 5 3 rt 3 3 

— . o t. J C r-l 5>r _ 

3 8. P W £ J? 



" " 3 " 



3 2 
n» 3 

VI ^ 



!. 3 3 3 — 
rt 3 



S*3 3 

ri Q 3 Oq 

* 2 =r - 



3 £ 



cfq* 



> PL ~. 

3 rt ?? 
= 1 »!• 
" 3 5» 

I a B. s! 



8 2. 



3. 3 

3 s 
3 3 



5T ^ 3 rt w» 

1, ^ o 3 

^33 

O 3 J S ft 



BP 1 ! 



5* g 3 3 <. 5" *rjT3 
(1 «i *» a-* Q 



zr> o 5. o = o 

3 5. O ^5-3 



3 D-sQ 

w cr n 
o 
3 



Si 



8.5 



3 f» 



-1 D- 



— a; 45 o 3 



5 if: q 
c o 2 B 
3. 3 *» 2. 

3 O 3 
^ O OQ 



O 

3 



S > a 3 

r* »*w o o 



o 

3^0 
g g 3 2 

^ ^ a- 

K* ■ 3 
O n-i O- rt 
5T 3 cr R 
S> SL"* 2. 

O. — P» n> 

3 s 3- S 
3 2 



5-1 



3 C 

& 3 

5: 6 

C 3 



ft c 



3 5 B 5* 

rt 3* g t- 3. 
3 ^ 3 g & 

O — 3 ►> - 

Z » 3 3 sr 

1 1 g *» 
3 3 5-o.g 




«||SR>fifsrgL 



3 c« »^ 5 

* S->^ 3-§«f 

^ O S 3 O S 

3' sr §; 3 

o n 3! 3 3"03 

8 3 o 2.-3 Si 



a. >< g* « 



-■75 o£Jw5.S>cl^2mJ 

^ o 3 g ^ 3 p g 3 5 

thrlftlH'* 



^S = Si3toS?g: 
w £ » ^ 3. g g- g 
5 r> " 



=JPIPI= gill 



o 3- 



8 «■ 

3 c 
033 

r* 3 
fi) r B 

w 5T O 

3 "I ^ 

°-S I 

^ o > 



3 3' 0* Er « no n> 3 

B.|: 5^ gt^ >§, 

c E' ? Sj D - 3 < 
« =• , £> > to a- 

- H =* - 



■ 5. 1 3 I 7 N) q o 

S 3 S! 5* 2,3 ?• 3 



00 

Or 




CD 




5* c- g. g 

^>=^ 
sill. 

3 o c a" 

OQ S» CTCT9 

Hi 8 - 

rtie 

21 li 

g- " a R 

is R 
« g»5i 

5 a 5' is 

ode 
3. f» 5* 

2 "* » « 
f» o a.< 
o a" Q. K* 

5 S sfr 

5 



£J § 3 
«' 5* JT 3 

i-sii- 
hi* 



3*V 3 O ^* O 

5* S3 5 a, 5 



5* < * © 

r> =1 S c g: 
2- E. 8. 3 ~ 

°s- < 3 s> 

' g 5 3 3 «. 
3 3 g < c; 

5.-2 3,3 8 ^ 
3 2> 

-♦ 3 n C 



3 < 3 



=J 3 3 1 



r w 3 



2 3 W 

c: cr 



3 

O CL 
V» «T3 
O W 

a 



C 



E " g" R S. -• 

3 a- • o 
c ° 3 5 

5 I 5 2 
,-. o 5- o 

-i no O — 



''I 



- * 3 " 5- 
3* fT 5 85 2 



3 rt 



^3 3" «t 

3-3 fg" 8" 



£: o o g ^ 



3 

a: 



• 3 C 3 
5*. £ > O * 

CA " «- 



& 3 - — 
3 n " 3 

■g 3:3 



2" n> 
" 5*3 S 



K3 ikWhahs-"-"*-'! 
ow»o«ooooovioo 



M to — — — — ro . U9 !"r - .' - ' -~ 
|s5 "lf» *-J K> K5 *. *w Vo b> o 
oo*ooootnoooo 

OOOOOOOOOOO 



OOOWOOOOOOOOOO A. 



I? 

II 



!f. aS B 

o — 



(O O) U< K9 

to oo o> 



II 



5 



Si 



OO 



S2. O n M ft 

— -** - ^ 3 * « 

" 8.S- 

S 3 1 

ft 

a. e> 

i 2 ^ 



' J. =• J 3" S! 

3 3 I! S 



s« Q* 6 - 

N 12.*0 3 

ft ?;* "i 



C 3 
3 ^ 



" ^ x O - 

1? g 0. £. O ^ | 



^ 3 c. 2 > 3 
£ o o-3^5' 

O v < O 2 ' 
o q 5. 3 h- 

°" H § ft" 

C ^ 5* n 



O ft g 8 g- 

3 « a- & -3 

8 -2 a. - X 

ft- £ 
— st S ft 

*Tj </i w M ft 



O 

g* 



** - ^ ■ - 
v c 

■ 3 -1 



n 

DC o 
re re 

C = 

2- n> 



Si ill I HI If 

e 2. • °* f* <i X r> • 



% inhibition of 
C4b2a sites (z) 




* stilly If 

" o> w 5 a-c -S 3 5 ~* 

ilSffi-I-lloiJ. 

o^- >m3 r r?3Ht r 




-nI o 



i 


ro 


c= 


• 

• 




Z3* 
-CD 

O 


k 


cn 


AF 


1 







oo 
OS 



H 

X 

w 

■r 



> 

D 

0 

O 



a 

B 

> 
> 

o 

p 

> 
H 



> 

§ 

73 



ft 

ST 



n- -o ft > "o 

- 3 i. 
B il-B 

5 <* ^ 2 
o 3 = s 

^ ft » S 

S§ " - 

JO ^ 



ft 

c 



Q- G ft ^1 



s = 1 & § 



B 



3 I 



& o 

C O D! fO 

8.8 



rt ^ 3 



2. ft 

ft 



3 

a. 



ft 



ft 

ft ^ 
S s 



^ ft 
ft 



Sol 



O. 3" 



3 71 J 



l§B 

§11 

^ 3. 



--op w c 

3 ft 



3.3-3 5* a 

O I O n c 0 nO 



lC C 2 — 

S ° Sl3 
5 g 3 &a 



3 

13 



■B " 



lis =11-. w. 



s 5 2 o 



00 1^ 
1 1 



v|^--;.r. 



© 



x 2 ^ 
S ST 

o ,^ ? r. a 2. 2 

B-j- S c 3 

? 




O 
> 

r 



00 



W C O 
3 -I O 

B'tB 
_ &> c 

^ 3 

: c o 



i *o g 



i „ rr >-o o aw w 



re a pa 

S3 3 



3 3 o a o_ 
ft* "O 



k* 2 3 m^e M o in «- 3' 3 w <? 



S'8-s 



3 5.-75 m o <w 



O 3 



- n ^ D- 



■5.S >~S-3 
a. Si. c 8 3 I" Q 3 cr-O > § 



* s * i 2 



„ -S-T5 O > 

S" s- g * 

_ ' 

w ft O ^ 

2. e. 0 2. - 3 

* 3 s; 3 0 & a. 



■o # a- 2, *g 




O 5T v> re 

' 0 3 > £J 

^ ^ P > 3 



3 

3 
2 



V > O cr 

O TlPlc 
. 3 - oq ~ 
„ 3 O 3 

S* o vr o 
a 2 0 — 

n S ^7 

E. 3 rt 
3- rt 3 «, 

-: g s $ <r 

5 a* 3 v* 

3- O C £ 

9 c re a. 
^ 3- «» re 

ll.il 

3 -1 O 
3 



3 

£L a. 5 
« Do" 



re 



III S- 

^ n w o 

3 8. 



^ 9- "2 



Si 

o3 

> £ 

3 
2. 

re 
n 
c 



„ _ 3 "O S: R 

i > § 3 I* ? 



i § o 

3 ho w 
O ^5 



ST 5 -1 



6> 

! 



a. 2. ^ sr o 

Sj 3 Q.g.5* 
LIL O w» w vt 



8" 8. ? 2 
sacs. 
IS.3S 

its 



n 3 



> ° 




00 

00 



H 
X 

r; 
> 

> 
z 
o 
w 
o 

s 

r 

c 



> 
o 
o 

r 

jo 
> 
H 
z 
o 



o 
so 



a 3 3 »•§ 3 S < » 

3 3 5 2 ?3 S tr - 

3 3 5 G. o 

« 5 ^ - 



> a P 



^'5 1 



3 fi: s a- g. 

5- i. a. 



x 3 n 3 o 

3 5 — 5r S: 

i 3 81 S 
c 5" — *5 
? § 5- 



o §■ S, v ~,°3 ~ a. S. rr ¥ rs 2, 5 0 2 =^ - 



§ 3 i 5 ii 

M.?5d5'3 a-o § o § § 
?3 a * 



2 sr § r 



^3 

3- 

3 



re 
3" 



i- * a. S 5 

I s Irs- 8.2 i-g 5 

3' S 2= 8- 3 3 > | g 



n o ^ 

3 ' 3 
3 ^ W 



. S a » 5 



oK H S 3,§ 
o S ^ a. 3-^ 

O- *C; C fa n 
Ce 3 3" n 3. 



^3 P> O 

O 3 



3. 



3- o f ^ 3 g g; 9 
cr §• 3 0 S S? 5j ^cn 3 

^Q3s2:55-i*3-c 




s - c S 5 « 

x n v» "i w» 

» c §* o" C. 

1^ 3<g 

3 3|^ 
3 F 3 
5 5 3 ro J* 

E. «? 2 H O 

Si ° o 5' B 5 5 

3 
n 



— • o -5 

9:-o ^ « 
5 °S E. 

^ — cr -t 

i s-i s 

S 710 R 
n> *o 5 c 

a 8 S q 
5 S S ^ 

I 2§ =r 



<X -n 3^ 

-1 x re 

^ St r 

^(5 3 
C 3- 3 

re w Q 

Crt r* O 

- -I 



> O ^ cq 

-^3^3. 



5 ,'§ ft 



9:5- 

3 C 



— — 5>" 3 Z* o 
re o 3 

=j o 3 re T K> 



S sr » 

- S 

3 1^ n m 2 

2.1 8-3 § 
« R 2 5 » 

«■ S * « ? 

3 r> tr ^. 
5« ^ W a- 3^ 

3 re 69 1 cn 



2 3 giS. 
B IS R 

3* 2 3 

i " 

O O 3 G- 

" m 3- 
S 2 c - 
5* 3 « o 

_ 3- tn,*0 

3* n* 3 « 
re 3~oq m 



3 

3 w» — 
v* yr" re 

z? § 
S.P 8- 

i-s s. 

3'SS 
S3 § 



E3* 



3J 31 

&> rr 
03 q 
re 3j 

3 i. 

o re 



> J? ?S 8 3' 

cr = 3 c 3 3 

2 w Q o ^ 3 

g 3 o = ^ 3 

|. « = 5* 3 o 
i|5 « 3 ° 

o 3 re S =r 

3 ? c. 3 3 

a a. » § -o - w 
•g 3 3 « O re 

. 8 F 3 K " 3 * 

3-g ? J 
• n ST 2 O <* g 

3 Sr* ft ?3 

s-l - g-i i 

ll?? 8,3- 

3^ — _ rs ca 
O rt £L 3 2 2 

^3 3^- » 

2 sTS- i 1 a 



3 0 



3* cr 

2 s 



2. ^ 



^ 3 

w O 

"I 

re ' , 

3 2 

Si « 

re 3. 

^ 3 

^. D, 



T3 ^ 

o a. 

o « 

C r* 

3 O 



3" I S- 



HI 



3 =: 



« 3; 3 = 



3 ^ re 



c rt ^ 



3. 



g 5. 3 



re S5 



O ft * 
3 3 " 

„ o : 

3- 3 1 
ft) w 

^ a- * 
— 3- , 

S3' 

TJ 3 



_ re 



3^3 

_ re c_ 

O * sr 



re r° =i V' re 



0 E. 

1 3- 

O > 

3* S < 

re 3 ( 
-{ Ct- : 



3. 
o 2 

3 

re 2. 

3* £ 

£t ri 
— re 

6J " 
3 

a. 

TO. 
w 

3 



I g a g e-gft 

0 re 

8 J " ^ S 

3 3 

re 3 

1 5 5*?? o g- 
3 o — re ^ l^- 



=1 oq 
re s* 

3 s- 



1.1 



:§32, 

lis 

s O 

•53 > 

_ » v* 

1 Si = 

(5 3 3 



O W 

Ei- 
re d. 
x 

TO. 3* 
ft) re 
3 w 

5? > 
2. 

« s. 

S 2. 

Iff § 

is ! 

o 3, > 

o ^ 
£ 2. 

, 3 

3 5 

^ 3 
cr. 3 
K TO 

C ft) 

a 3 

= !' 

3- 



8| 

re 2. 

2,<5 



01 
to 




« ~ ft a * 3 to 
3 $ g d- 3- a g 

3 rt S § 3 23 8 

q O g 2. £ g 

I §' 3- 8 % g | 



« ° 3 ^ 5- 

' 3 3 rg ^ 



_> ■ - ^ 

n ^ "O ft 

ni? 

o 3 — -» ft 

°- ?r EL £ CL 

™ y V> V* 3, 

3 s 3 

2- > 3 ^' ^ 

« ^ft"^ 



3 o g S^i ^ ^ 3 



S 5 



S ^ V v 3 W o 

3 0 3 3 _ ft W 3 5T O - <=) - 



£ ft 
P. a. 



to =5 S 



ft 3"j3 M^.^oS< «T ft ^. 3 

2_ o ~ n> .— . w - w w ° --an 

to — ■ D- rr r» — . r!' w — 3 

T3T3 — - O Q. *" w 3 ~" 3 3 



. 3 6* 



"2 "O - w _ 

3* 3 v> 1 o 

O ^ -o o 
3- 2^ c g 



t CA 



3 2 £ 8 -o i 8 

ST 



3 

Z3 



2< 

en Co 
O O 



3 M 

3 > a D " a- i. ; 

00 R, ft ^5 - - i 

£ 3 £ 3 % 8 § ( 
t v 3 S n ft — ( 

^' ^ 0_ O 3 D-3 

3- re JT £- Q cr^ 1 
w S! * ~ w w 5T , 

4T 1 o 3" c n ■ 



c 3 



s-r! 5- 

° S. I" 3' 

3 op 



! 5: 3 

OS — . 



ill 



SToq $ 3 O S 
^ 2.-< o g. ft °r 3 



9- 5* 



o ' zr 



^-^-i §11?? 3 



n ^ 
o § 



3 I 



— O- 
v* 

p a* 
|a 

» 5i 

W 3 
e *^ 

3 =r 

3 S 
a* c 

13 

o 

a 
> 



3 3 

3 ^ 

W 3 

w g 

ft s 

2 3* 

,{ 8 2: 



8 * w = 

5* 2: 3 S 



a> — j 3 



"nil !!xH?3 K| f S 

5 2--sI.5-s.s-^^5g|| 



to ^ — . w 



o 



ft K 
§ S. 

3 o 

o|8L 

O 



2 3 
o* 

3 



f? M 2- B" 9: : » 



g sr a 3 =T 3 2! 



eg -o Si 

-,o3nn> = -« = D 



w.8 



2- o: en ^ o5 3 cl S 1 3 ^ 



3*rt s v H H. » ^ T£ 

r* 3 5 g.jjit; 3 3 ft 



2* 3 



3 ^* 
ft 

g. > a: 



3 

3- 



3 f 
I- 

3 "D_ 

D « 

> 3* 



> § 0 a 
^ 2 q.^ 

§ G 

8. * 3 £ 
g s-i^P 

, u> a> 
2 3 

- 5 5 § 

—J <-» 

s-r. 5 *§ 

O oo"p C 

si §•§• 

S 3 a. « 

■I s-ll 

o ft S 2 



3 ft rj ^ 

x* o 1 § ^ 



00 

Oi 

o 



O 

50 



_ w 3 P O 



s s. 



^ so 



- 3 S ■ » 



g-Ef i 1 
g I R § 

c 1 Cft M 

3- ?+ t£5 
W > £ <*> 

3 : 9: <° 



^ ^S- S 3 
fc; s o n- 2 



x. o a b 



8 
3 
*2. 
r» 
3 



^ • to 
5* o — 

3» ^ 



3 2. 

s 5 

si 



H 

p\ 

3 H= 9 

3 ->2-i 

2 3 g* 3 

Z ~i 3. 3 

§ = 8. a- 
ft ft o 

5' 3 S 

III? 

2.35 3 

3 « ^ I 

q-aog 



<? 2 X 
o 

I s 
S n 

3 5° 
G 3 
o' 3: 

3 O- 



3* D 

c o 
3 3 



s ^ 



>3 

3 
o 
n 



7l (A 



3 c 

2 3 

3 S 

p. §■ 

I a 
« 3? 

§ 1 



r 



o ft 
w 5* 



o 1 H 
1 o 

3 3 
S H 

oq 1 

8 cP 

it 



3 ^ 
p ■ 

i S 

ir 

■i? 

ft (K) 

3 § 
? 3- 



w _ 



O- 

3* 



C < ft O ft 2" 
3 5 ft =i, X o 

- n. cr >cn « ft ^ 



S3 5' 5- 3 ^ § ^ Q 



3 5 s 

0 C 

3 3 - 
ft 

3 ?T 

w c 

3 2. 
ft 

2, S- 

CL e 



c 2 rT - ^2 
p:- S 3 & 



g £ <» 5- (lst-o^Sd 

E i R » » ^ _ ft o 

33 r- ft n o. n ^ o < 

3ac 3&o^9-c3 
f? & w ft 

. 5: 3 cl^ 3 3--. 



Ci.C»" ^ ft ^ 

3 — °B- — 

^ " w 5' 

<3"2 3 - 

ft Cu ^ 

— V~ 3. « c 
ft 5T o T, ^ 

— 2 w ^ ST 

■8! - w | B J 

S V> (« ft 3 

^ r E: - ? S 

— 3 - j-* ft O 

O O- W £ , 3 

^ 2 en "> e 

C 3 3 ft 



cr 
o 



D 3"o 

- IS s 

-3- 3 w 

O - » 
2? ft 3- O 

§ ? rt 8 

' 3 3 fi* 0T 
O- 2, ft g 

g- B S g- 

^ 3 5-^ 
0 ft 3 ST 

3 W C a 

"2, 5 



2- o 



3-B 



Co 
c 



> 



ft 
CO 



cr o 5 2 2- 2" l s- 

^ o 8 9: § 

^ 2- 3 

ft > - ^ 
o ^ 



g- ^ 3- rt 



, ' cr 3- 
2; °- c 



cr o 

S k;*^ ft 

i 3 

S- 3' 

ft - 



i_ 3 C n 
O — - rt 
^ ft g"<S -| 



5*p-Pft 3" n c n> -o -1 



3 w s ^ 

2, 3 = § ft 3 

ft ^ 8 * S I 

iq 3- < O- O- 3 

2" £» 5* 2» c ft 

cn 2 3 B 3. 3 
3 ^ g. 1 3* Si. 

- - 3-1-1 s 

3 ft o ft g p 

00*2. a* w « 



3 8 S w 5 

gl:ssi 

? i g 3 
g 3 I g. 
8-S.i f 

ft 2 

2.6)0 ^ 

2- 

M « W O 

3 = c3 

„32.S 
§>5 = 
S-s 3 g" 

ft O T 



oq 



ft 

3 
ft 

a. 3 
0 2 

5T ^ 

3; D 
^ > 

ft 

S3 

2? 
n -o 

3 o 

to 

- i 

V 3 
to LO 

3 R 
f S, 
3 2 

ft ' 
ft 

3- 



ft t> tj 

3 3 3 
n _ Q_ 

n> 2 

v» 3 3 

4^ a. g 
§ 0 3 

2-3 I 

§ s £ 



33 g 



3" O ft 

2-3 f? 

c ft 3 

cr 3 co 

?T 2 3" 

[1 2 o 

D 3 $ 

C? ft P> 



0 1 ^- 
O ft » 

g o- ft 

3 ft) 

2 3 0 

3 S O 
ft §,3 

2 q o 



3 



> 

r 



00 



3-5-2 g >' 

§ 3 n C 3 
■vx 2." o 

£L 3 3 * % 

5* K- 5" s - 

> 8 ST ^ 3 




oo 

NO 



3 

C 
> 
r 

> 

CO 

O 
D 
■< 

•n 

i 

> 

rn 

R 

Z 

o 

: 

I 



H 



o s- 



iO CO **l Ci y 1 

8 8 I i. N" I 8' 3 E S §■ 3 1' 



52. v? -3T lO o 
— rt O oo 2 



§ * I S 3 o 



off £8. 

5; §• 51 £ 



a 5- 




g . p, o s - 



3 



_ 3 O 



-*i . to 



O ^ 3 S 

o c s g je 

w 2, - o d- 

a** Iff 

a. i I 3 F 



» P §*• £ 
3- o. 



"8 e> 

to to 



n 
O 
3 
"2. 

i « 

3 9 



■S S § & i 5: 3 S 

8 o- ~ 2 B. 3 § 5. 

g J - a- s ? i 8 - s 

eg £2 i ? 



i 6 

3 a d 




1 a sj g n M P 

~ 3 * c • 

a. °- Bf o 

n • St Q £ 

O 5rt OO 

" r o> cr 3 
a. y-s « i a. 

g p P*o 



_ to 
i 00 
ST °° 

If 

£ c 

M 

n 

P 3 

si: 



> 



3 (O 

o ■ 

If 



i s 

O- %o 



OO 



£ "D 71 > — H 

a 3 ~ ~ > 



O 51 cr-y 



5 



£ 3 •— 

a a •: 



22.1,3 



s r 
"ills * 



" =r > S* S* 

^ ? 2> i 

$ a 2 Z 

^ c g c 

i S £3- 

o o y^a, 

3 ^-v 




00 



> 
r- 

> 
z 
o 

OS 

O 

c 



o 



> 

a 
o 

s 



z 
o 



H 3 



O 
70 



ma 



c x 

a * 
1 s 



-ft 



won 

O w 

y SS- 
~>2 
s arf 

S g a- 



2 3 3 2. c ?f 



£ = s 3^3 3 § r^-H * 

? s* 5* « 



5 3a':1 3 



2.S. 



3 °S 



3- - - - g* H 8. ~ 

3 09 



5*. S Si 8 

8 8 

a 3 

o c 

3 c 

E. 3 

& on 



S 3 





S- < °- 3 g ~» 
S O o £ nt n 



5 - 

2, 3 3 » 

5* »"* 5> r» 

1 &> 2 w ^ ? 8 2 

n 3*. o- o 2 w S © 5' o FT £** 



ft 

3 -1 o 
& rt c 
a < 2 
o © §. 
3 c £ 



5*2. 
2 

3 £ 

3 <* 
£ ^ 

3 V 




X 

o 
r 



2: 



V3 

1 
S 

CO 

I 

1 



tl W W 

H « X 
> 



O 



O 
H 

n 
H 

< 



0023-6837/01/81 1 1-1*553103.00/0 
Laboratory Investigation 

Copyright ® 2001 by The United States and Canadian Academy of Pathology ,'Inc 



Vol. 81. No. 11, p. 1553,2001 
Prinud in US^i. 



Regulation of the New Coexpressed CD55 
(Decay-Accelerating Factor) Receptor on Stomach 
Carcinoma Cells Involved in Antibody 
SC-1-lnduced Apoptosis 

Frank Hensel, Ralph Hermann, Stephanie Brandlein, Veit Krenn, Bernd Schmausser, 
Steffen Geis, Hans Konrad Muller-Hermelink, and H. Peter Vollmers 

Institute for Pathology, University of WQrzburg, Wurzburg, Germany 

SUMMARY: The human monoclonal antibody SC-1 was isolated from a patient with a diffuse-type adenocarcinoma of the 
stomach using somatic cell hybridization. The immunoglobulin (lg)M antibody reacts specifically with diffuse- (70%) and 
intestinal-type (25%) gastric adenocarcinoma and induces apoptosis in vitro and in vivo. When used in clinical trials with stomach 
carcinoma patients, significant apoptotic and regressive effects in primary tumors have been observed with the antibody SC-1. 
The SC-1 receptor is a new 82 kd membrane-bound isoform of giycosylphosphatidylinositol (GPt)-linked CD55 (decay- 
accelerating factor, DAF), CD55 is known to protect cells from lysis through autologous complement and is coexpressed with the 
ubiquitously distributed 70 kd isoform. The SC-1 -specific CD55 isoform is up-regulated shortly after antibody binding, followed 
by an internalization of the antibody/receptor-complex, whereas the membranous expression of wild-type CD55 remains 
unchanged. The apoptotic process is marked by cleavage of cytokeratin 18, indicating the involvement of caspase-6 in the 
apoptotic process. In contrast to other apoptotic pathways, a cleavage of poly(ADP-ribose)polymerase (PARP) is not observed. 
The expression of the cell-cycle regulator c-myc becomes up-regulated, whereas expression of topoisomerase Ma is 
down-regulated. Induction of apoptosis leads to an increase in the internal Ca 2 ^ concentration, which is not necessary for the 
apoptotic process but for the transport of newly synthesized SC-1 -specific CD55 isoform to the membrane. (Lab Invest 2001, 
81:1553-1563). 



71 ^"alignant cells re-express, mask, or modify sur- 
JvJL face structures to fulfill requirements for a 
higher proliferation rate, to escape immune response 
mechanisms, or just through happenstance. However, 
in most cases, these "new" structures allow the im- 
mune system to recognize, attack, and remove trans- 
formed cells at early stages. Manifest tumors are 
therefore not the result of a missing qualified immune 
response, but instead a matter of quantity. Cancer 
patients represent an enormous source of tumor- 
specific and -reactive reagents, such as cells, factors, 
and antibodies. Human hybridomatechnology offers 
an ideal tool for isolating and establishing human 
tumor-specific antibodies for therapy and diagnosis. 

We have recently described the human antibody 
SC-1 , isolated from a patient with a signet ring cell 
carcinoma of the stomach (Vollmers et al, 1989). This 
immunoglobulin (lg)M antibody induces apoptosis of 
gastric cancer cells in vitro and in vivo and is being 
used successfully in clinical trials (Vollmers et al, 
1998b). The receptor of SC-1 was found to be a 
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modified version of CD55 (decay-accelerating factor, 
DAF). This protein protects host tissues from autolo- 
gous complement activation and is expressed on all 
cell types that are likely to have contact with the 
complement system, ie, epithelial cells (Koretz et al, 
1992), lymphocytes, monocytes, platelets (Nicholson- 
Weller et al, 1985), and endothelial cells (Asch et al, 
1986). It acts by dissociating the classical and alter- 
native pathway C3 convertases, and there are various 
isoforms in existence (Lublin et al, 1986). CD55 is 
expressed in two different isoforms (DAF-A and 
DAF-B) generated by differentiaJ splicing. Whereas 
DAF-A is secreted from cells, DAF-B is linked to cells 
by a glycosylphosphatidytinositol (GPI) anchor (Caras 
et al, 1987). Both forms are further modified by differ- 
ent glycosylation patterns, resulting in molecular 
weight sizes from 55 to 100 kd (Hara et aJ, 1993). 

Besides these well-described functions of CD55, it 
has become more and more obvious that this receptor 
can also act as a signal-transducing molecule. With 
monoclonal antibodies directed against CD55, human 
monocytes can be activated in vitro (Shibuya et al, 
1992). These changes in the cell cycle might be 
transmitted through sre-kinases, which are associated 
with the GPI anchor of CD55 (Parolini et al, 1996; 
Shenoy-Scaria et al, 1992). 

Another aspect of CD55, which makes it interesting 
as a target for tumor therapy, is the fact that this 
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molecule is overexpressed on various tumors. Over- 
expression has been found in, eg, breast, colon, and 
stomach carcinoma (Hofman et al ( 1994; Koretz et al, 
1992; Miehans et al, 1996), and this overexpression 
makes CD55 a suitable target for cancer vaccines in 
the treatment of coion carcinoma (Spendlove et al, 

1999) . Vaccination with a human anti-idiotype anti- 
body that mimics CD55 was used for adjuvant treat- 
ment of coion carcinoma and resulted in activation of 
a cellular anti-tumor response (Durrant et al, 1995, 

2000) . However, this overexpression of CD55 and 
other complement-inactivating molecules limits thera- 
peutical approaches that depend on the help of com- 
plement, as in antibody-dependent cellular cytotoxic- 
ity (ADCC) (Gorter and Men, 1999). This can be 
circumvented by the use of bispecific antibodies that 
bind to CD55 and a tumor-associated molecule, 
thereby enhancing C3 binding and cell lysis (Blok et al, 
1998). 

Furthermore, there is some evidence that CD55 and 
other GPI-linked molecules (CD14, CD24, CD59) 
might be involved in apoptotic processes (Devitt et al, 
1998). A participation of CD55 in apoptosis was ob- 
served with regard to human polymorphonuclear leu- 
kocytes (PMN), in which a reduced expression of 
CD55, together with CD59, is closely related to the 
appearance of apoptotic morphology (Shapiro et al, 
1994). In paroxysmal nocturnal hemoglobinuria, a ge- 
netically determined hematopoietic stem cell disorder 
that results in the absence of GPI-linked molecules, 
including CD55, the cells are also protected from 
apoptosis when induced by ionized irradiation (Brod- 
sky et al, 1997). 



A clear association of CD55 with apoptosis has 
been shown with the human monoclonal antibody 
SC-1 . This antibody reacts with a carbohydrate resi- 
due on a new isoform of GPI-linked CD55 (subse- 
quently named CDSS 30 * 1 ), and induces tumor-cell- 
specific apoptosis in vitro and in vivo. The CD55 S<>1 
isoform is overexpressed on gastric carcinoma cells 
(Hensel et al, 1999) and has a molecular weight of 
approximately 82 kd. 

In this paper, we show that stomach carcinoma 
cells express two different forms of CD55/DAF on the 
cell surface: the normal 70 kd isoform that protects 
against complement, and in addition, the new 
CD55 SC " 1 apoptosis receptor. Furthermore, we show 
new phenomena associated with SC-1 -induced apo- 
ptosis, focusing on membrane-associated and cyto- 
plasmic events. 

Results 

Expression of €055^ and CDS^ 0 ' 1 on Different Cells 

To investigate the expression of the CD55 isoforms 
biochemically, membrane extracts from the stomach 
cancer cell line 23132 were blotted with a commercial 
anti-CD55 antibody and with antibody SC-1. The 
cervix carcinoma cell line HeLa served as a control for 
the 70-kd form of CD55. As seen in Figure 1a, two 
different molecules appear on the stomach cancer 
cells: a strongly stained 70-kd and a weakly stained 
82-kd form. On HeLa cells next to the 70-kd CD55 
protein, there is a very strong stained 60-kd band, 
which seems to be a lower weight isoform of CDSS^. 
With antibody SC-1 , only the 82-kd band identified as 
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Figure 1. 

Expression of CD55 wild-type (CDSS* 1 ) and SC-1-specific CD55 isoform (CDSS 80-1 ) on different cells. The expression of both CD55 isotypes were tested by Western 
blot and FACS analysis. For Western blot analysis, membrane extracts from 23132 and cervix carcinoma cell line (HeLa) tumor cells were run on SDS gels and blotted 
on nitrocellulose filters and either stained with anti-CD55 antibody or with SC-1. For FACS analysis, cells were additionally stained with mouse or human 
isotype-matched control antibodies, a, HeLa cells express two isoforms of CD55 of approximately 60 and 70 kd t whereas in 23132 cells the 70-kd and the 
SC-1-specific 82-kd form were detectable. SC-1 staining was not observable in HeLa cells, whereas staining of the 82-kd CDSS 5 ** 1 proteins was visible in the cell 
line 23132. Staining of additional protein is due to unspecific cross-reaction as described earlier, b, FACS analysis with anti-CD55 shows binding to cell lines 23132 
and HeLa compared with the isotype-matched control, c, On cell line 23132, SC-1 shows binding compared with the isotype-matched control, whereas there is no 
binding found on HeLa cells. 



1554 Laboratory Investigation • November 2001 • Volume 81 • Number 11 



CD55 SC " 1 is stained on stomach cancer cells, whereas 
there is no reaction on HeLa cells. The second stained 
band is du to cross-reaction with cytoplasmic Lupus 
Ku autoantigen described previously (Hensel et al, 
1999). 

To confirm the Western blot analysis, we performed 
flow cytometry by staining both cell lines with SC-1 or 
anti-CD55 antibody. The flow cytometry clearly shows 
that the anti-CD55 antibody binds to the 23132 and 
HeLa cells (Fig. 1b) ( whereas antibody SC-1 clearly 
binds to 23132 cells, but not to HeLa cells (Fig. 1c). 

Internalization of CD55 SC ' 1 on Celt Line 23132 after 
Induction of Apopiosis 

We further examined the membranous expression of 
CDSS^ and CDSS 30 " 1 in cell line 23132 after the 



Molecular Analysis of SC-l -Inductd A po ptosis 

induction of apoptosis with 40 jxg/ml of SC-1 by flow 
cytometry with anti-CD55 and SC-1 antibodies. Flow 
cytometry shows that CD55 SC " 1 expression remains 
unchanged for 24 hours, whereas there is a clear 
decrease in staining with antibody SC-1 after 48 
hours. After 72 hours, SC-1 staining is restored (Fig. 2, 
a to d). In contrast, expression of CDSS^ remains 
stable for the measured period (Fig. 2, e to h). Because 
both CD55 isoforms arise by posttranslational modifi- 
cation and are not different gene products, these 
differences must occur as a result of the internalization 
of CD55 SC " 1 after the binding of SC-1 . These data 
were confirmed by cytospin preparations (data not 
shown). Controls were performed by staining ceils 
with 40 ftg/ml of chrompure human IgM for the indi- 
cated times. 




Figure 2. 

Expression of COSS 50 * 1 and CDSS*" after induction of apoptosis by SC-1. Cells were incubated for the indicated times with 40 ^g/ml of SC-1, and after trypsinization, 
cells were analyzed for expression of COSS*** 1 (a-d) and CD55 m (e-h) by flow cytometry. Additionally, cells were stained with mouse or human isotype-matched 
control antibodies. Gray area indicates isotype-matched controls; black line indicates cells stained by SC-1 and 0055*". 
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Cleavage of Cytokeratin 18 

The degradation of apoptotic pithelial cells is accom- 
panied by the proteolytic cleavag of cytokeratin 18 
(Caulin t al, 1997). We investigated th cleavage of 
cytokeratin 18 in cell line 23132 after SC-1-induced 
apoptosis using the M30 CytoDeath kit. Cytokeratin 
18 cleavage starts after 24 hours, as determined by 
immunohistochemical staining {Fig. 3b). After 48 
hours, cleavage is completed, and apoptotic bodies 
are released from the cells (Fig. 3c). Figure 3, d to f, 
shows that approximately 30% of the cells are under- 
going apoptosis. Controls were performed by treating 
cells for equal periods with 40 ftg/ml of chrompure 
human IgM antibody without inducing cytokeratin 1 8 
cleavage (data not shown). 

Effect of inhibition of Caspase-6 and Caspase-3 

The cleavage of cytokeratin 18 indicates the involve- 
ment of caspase-6 in the apoptotic process induced 
by SC-1 . To confirm the participation of caspase-6 in 
the degradation process, the effect of caspase-6 
inhibitor Val-Glu-lso-Asp-aldehyde (VEID-CHO) on 
apoptosis was investigated. Cells were incubated 
overnight with increasing concentrations of the inhib- 
itor VEID-CHO, followed by incubation with 40 jag/ml 



of SC-1 for 24 hours. The effect of inhibition of 
caspase-6 was measured using CeNDeath ELISA. Sur- 
prisingly, low amounts of inhibitor increased apoptotic 
cell death, whereas high concentrations clearly inhib- 
ited apoptosis (Fig. 4a), indicating that recruitment of 
caspase-6 is necessary for SC-1 -induced apoptosis. 

In a recent publication (Hensel et al, 1999), we 
showed that caspase-3 is activated in SC-1 -induced 
apoptosis. Because of the surprising results obtained 
from the inhibition of caspase-6, we investigated 
whether the inhibition of caspase-3 by Asp-Glu-Val- 
Asp-aldehyde (DEVD-CHO) has a comparable effect 
on SC-1 -induced apoptosis. Here, we also found an 
increase in apoptotic cell death with increasing con- 
centrations of inhibitor. Cells incubated with 500 nrvt of 
DEVD-CHO showed an absorption approximately 
three times higher, whereas incubation with inhibitor 
without SC-1 did not have any effect on spontaneous 
apoptosis (Fig. 4b). 

Molecular Analysis of SC-1-lnduced Apoptosis 

The occurrence of poly(ADP-ribose)polymerase 
(PARP) cleavage was investigated by Western blot 
analysis, using whole cell extracts from SC-1-induced 
cells and murine anti-PARP antibody. In five indepen- 




Figure 3. 

Cleavage of cytokeratin 18 in SC-1-induced apoptosis. Immunohistochemical staining of cytospins reveals that 24 hours after the induction of apoptosis, cleavage 
of cytokeratin 18 starts (b), and after 48 hours, apoptotic bodies are released from the cells <c). In Panel a, a nonapoptotic cell Is shown (magnification, x400). The 
overview shows a low amount of apoptosis in uninduced cells (d). whereas SC-1-induced apoptosis begins after 24 hours (e). After 48 hours, approximately 30% 
have undergone apoptosis as shown by cytokeratin 18 cleavage (f) (magnification, x400). 
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Figure 4. 

Inhibition of caspase-6 and caspase-3 by specific inhibitors. Cells were 
incubated overnight with increasing amounts of caspase inhibitor and then for 
another 24 hours with 40 jxg/ml of SC-1. Apoptotic cells were determined by 
CeNDeath EL ISA. a. Effect of caspase-6 inhibitor VEIO-CHO. Low concentra- 
tions of inhibitor increase apoptosis, whereas high concentrations clearly 
inhibit apoptosis. b, Effect of caspase-3 inhibitor OEVD-CHO. An increase in 
apoptotic cells with increasing concentrations of inhibitor is observable, 
whereas incubation with only OEVD-CHO does not show any effect. 

dent assays, there was no observable PARP cleavage, 
which would have been marked by the occurrence of 
an 85-kd cleavage product (Cosio et al, 1 994) (Fig. 5a). 
The induction of apoptosis was confirmed by mea- 
surement of caspase-3 and caspase-8 activity as 
published earlier (Hensel et al, 1999), and the func- 



MqUcuLt Analysis ofSC-l-Inductd Apoptosis 

tionality of the anti-PARP antibody was confirmed by 
Western blot analysis with lysates of Fas-induced cells 
(data not shown). 

To investigate the changes in the cell cycle after the 
induction of apoptosis, the expression of topoisomer- 
ase Wot was tested by Western blot analysis. Topo- 
isomerase lla is a key enzyme in the cell cycle by 
virtue of being involved in DNA replication (Schmitt et 
al, 1999). Therefore, the reduced expression of topo- 
isomerase lla after SC-1-induced apoptosis indicates 
cell-cycle arrest for at least a fraction of the cells (Fig. 
5b). 

The transcription factor c-myc has been shown to 
be involved in various apoptotic processes or to 
induce apoptosis by transfection in cells (Berstad and 
Brandtzaeg, 1998). Because c-myc is not involved in 
all apoptotic processes, we investigated the expres- 
sion pattern of c-myc after SC-1 -induced apoptosis. 
A clear increase in c-myc expression was found 5 
minutes after induction of apoptosis, followed by a 
decrease after 1 hour (Fig. 5b). Control for nonspecific 
effects induced by human IgM was performed by 
incubating cells with 40 ^g/ml of chrompure human 
IgM antibody without any changes in the expression 
pattern of any of the proteins described above (data 
not shown). 

Relation between Intracellular Ca 2 * Concentration 
and Apoptosis 

To investigate whether the induction of apoptosis by 
SC-1 is accompanied by changes of the intracellular 
calcium concentration [Ca 2+ ] j( we measured the 
[Ca 2+ 1 of cell line 23132 after induction with SC-1 and 
control antibody (chrompure human IgM), using an 
Axiovert TV microscope. Approximately 1 minute after 
the addition of SC-1 antibody, a significant increase of 
[Ca 2 ^ ] f was observed, whereas the control antibody 
did not have any effect on [Ca 2+ ]; (Fig. 6a). 

To investigate the role of [Ca 2+ ] i in detail, cells were 
incubated for 3 hours with increasing amounts of 
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Figure 5. 

Western blot analysis of SC-1 -induced cells. Cell line 23132 was induced with 40 jig/ml of SC-1 for the periods indicated above, and then whole cell lysates and 
Western blots were prepared. Coomassie-stained gels shown below the blots were used as controls tor equal protein concentrations loaded on lanes, a, Determination 
of poly(ADP-ribose)polymerase (PARP) cleavage by anti-PARP antibody. CP indicates expected size of PARP cleavage product Cleavage of PARP was' not detectable 
at ail. b, Staining with anti-topoisomerase lla antibody as marker for cellular proliferation. A reduced expression of topoisomerase lla could be observed after 
SC-1-induced apoptosis. Expression of c-myc detected by staining with anti-c-myc antibody. Five mJnutes after induction of apoptosis, an increased c-myc 
expression was found, followed by a decrease after 1 hour. 
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Ca 2+ -chelator, 1 , 2-bis(2-aminophenoxy)ethane-N, 
N.N'.N'-tetraacetic acid (BAPTA), followed by incuba- 
tion with 40 fxQ/vnl of SC-1 for 24 hours. The number of 
apoptotic cells was determined by CellDeath EUSA. 
Increasing the. amount of BAPTA does not have any 
effect on cell survival, as can be seen in non-SC-1- 
induced cells. Furthermore, there is not a decrease in 
apoptotic cells after induction of apoptosis with an 
increasing amount of BAPTA (Fig. 6b). These data 
indicate that the intracellular Ca 2+ concentration is not 
involved in the regulation of SC-1 -induced apoptosis. 
However, as shown by immunohistochemical studies 
on cytospins, [Ca 2+ ], might be involved in membrane 
expression of CD55 SC " 1 and, therefore, may only 
indirectly be responsible for apoptosis. Neither an 
increase of membrane expression nor an upsurge of 
CD55 SC - 1 is detected if [Ca 2+ ], is blocked by BAPTA, 
as seen after SC-1 binding (data not shown). 

To further explore the difference in expression of 
COSS 550 * 1 in untreated and BAPTA-treated ceils after 
SC-1 -induction, Western blot analysis was performed 



with membrane extracts from SC-1 -induced celts. An 
increased expression of CD55 SC " 1 was observed be- 
ginning 6 hours after induction of apoptosis and 
lasting up to 48 hours. However, in uninduced cells 
CD55 SC_1 was not detectable because of the low 
sensitivity of the SC-1 antibody in Western blot anal- 
ysis. In cells pretreated with BAPTA, an even faster 
increase in CDSS 30 ' 1 expression is observed, which 
also is detectable for up to 48 hours (Fig. 6c). Inter- 
estingly, during this apoptotic process, an increase in 
the expression of the cytoplasmic 70-kd protein, 
which cross-reacts with SC-1 and was formerly iden- 
tified as Ku70 autoantigen (Hensel et al, 1999), can 
also be seen in Western bJot analysis. 

Discussion 

The SC-1/DAF pathway for tumor-specific apoptosis 
is new and unique in several aspects. The 82-kd 
CD55 SC ~ 1 isoform is specifically overexpressed on 
gastric carcinoma cells, together with the "normal" 
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70-kd isoform of 0055^. SC-1 apoptosis induces a 
strong up-regulation of the specific 82-kd CDSS 50 " 1 
isoform, followed by its internalization. In contrast, the 
70-kd isoform of CDSS^, which is also pr sent on 
stomach cancer cells is not up-regulated or internal- 
ized. The apoptotic event is accompanied by cleavage 
of cytokeratin 1 8, which indicates the involvement of 
caspase-6. Caspase-6 is necessary for SC-1 -induced 
apoptosis, because the inhibition by high concentra- 
tion VEID-CHO suppresses apoptosis, whereas the 
inhibition of caspase-3 by DEVD-CHO leads to in- 
creased apoptosis. Cleavage of PARP is not observ- 
able during SC-1-induced apoptosis, which indicates 
a pathway different from the one shown for Fas. The 
apoptotic activity of CDSS 30 * 1 is not dependent on 
[Ca^],, because the calcium blocker BAPTA does not 
reduce apoptosis, but BAPTA has some inhibitory 
effect on the transport of CDSS 30 " 1 to the membrane. 

Our data show that two isoforms of CD55 are 
expressed in stomach carcinoma: the ubiquitously 
distributed 70-kd CDSS^ and, additionally, the spe- 
cific 82-kd CDSS 30 ' 1 isoform. Interestingly, both CD55 
isoforms show a different regulation after induction of 
apoptosis. Since there were not any differences found 
in the transcripts of CD55 in ceil line 23132 compared 
with other published wild-type sequences (Hensel et 
al, 1999), regulation of the two isoforms must be due 
to posttranslational events like differential glycosyla- 
tion, which will have to be examined more closely. The 
up-regulation of apoptosis- inducing receptors during 
apoptosis is a feature of these receptors unobserved 
so far, and the genetic background of this observation 
has to be further investigated. This up-regulation 
might be coupled to the function of CD55 in the 
protection of cells from autologous complement 
(Cheung et al, 1988). Up-regulation of CD55 by vari- 
ous factors has been observed in noncancerous cells, 
eg, in endothelial cells (ECs) or human glomerular 
cells. This up-regulation can be induced by incubating 
ECs with the membrane attack complex (MAC) and by 
incubation with anti-CD55 antibodies or various cyto- 
kines, such as tumor necrosis factor (TNF)-" or inter- 
feron (IFN)-7 (Mason et al, 1999). Increased expres- 
sion of CD55 can also be induced by activation of 
terminal complement compounds (C8 and/or C9) on 
human glomerular cells (Cosio et al, 1994). It might be 
suggested that this up-regulation of CD55 results in an 
elevated resistance to the attack of autologous 
complement 

So far the inducibility of CD55 expression on tumor 
cells is not well investigated. An increased expression 
of the complement regulators CD46, CD55, and CD59 
has been shown immunohistochemically on gastroin- 
testinal tumors and might also have a function in the 
protection of cells from complement attack (Berstad 
and Brandtzaeg, 1998; Schmitt et al t 1999). Our data 
show for the first time that CD55 is inducible in 
stomach cancer cells and leads us to suggest that 
SC-1 partially mimics complement attack. The higher 
expression of CD55 SC_1 is followed by the disappear- 
ance of CD55 SC_1 from the cell membrane, as dem- 
onstrated by Western blot analysis and flow cytom- 
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etry. This increase might be a protection mechanism 
for the cell against the apoptotic mechanism of the 
SC-1 antibody. This is supported by the finding that 
the disappearance of CD55 SC-1 is observ d in nearly 
all cells, wher as apoptosis, shown by cleavage of 
cytokeratin 18, is only visible in approximately 30% of 
the cells. Further studies will show whether the disap- 
pearance of CD55 from the membrane is related to the 
protection of cells against apoptosis. 

The apoptotic process is accompanied by limited 
proteolysis of cellular proteins by the caspase family 
of cysteine proteases (Alnemri et al, 1996), which are 
mediators of apoptotic cell death (Martin and Green, 
1 995). One target of these proteases is cytokeratin 1 8, 
a major component of the intermediate filament of 
simple epithelial cells and tumors derived from such 
cells (Caulin et al, 1 997; Schaafsma et al, 1 990). So far, 
the cleavage of cytokeratin 18 has been observed in 
chemically induced (etoposide) or UV-light-induced 
apoptosis. Our data show that cleavage of cytokeratin 
18 also occurs in SC-1-induced apoptosis. This cleav- 
age is visible in 30% of the cells and increases for up 
to 72 hours after induction of apoptosis, indicating 
that SC-1 -induced apoptosis is slower than chemical- 
or UV-light-induced apoptosis. Furthermore, this data 
shows that caspase-6, which performs the initial 
cleavage of cytokeratin 18 into 26-kd and 22-kd 
fragments (Caulin et al, 1997), must be a participant in 
SC-1-induced apoptosis. The necessity of the partic- 
ipation of caspase-6 was shown by the inhibition of 
caspase-6 with VEID-CHO, which reduces the amount 
of apoptotic cells when using higher concentrations of 
caspase inhibitor. The increase in apoptotic cell death 
when using low concentrations (1-10 /am) of VEID- 
CHO and the increase in cell death with increasing 
amounts of caspase-3 inhibitor DEVD-CHO indicate a 
number of differences from apoptosis pathways pre- 
viously described. This might be due to the bypassing 
of the inhibited caspases by means of other caspases. 
These differences from other apoptosis pathways are 
consistent with the fact that PARP cleavage does not 
occur in SC-1-induced apoptosis. PARP is a 116-kd 
protein that detects and binds to DNA strand breaks 
and is involved in DNA repair (Casciola-Rosen et al, 
1996). PARP is cleaved specifically by caspase-3 after 
its activation by proteolytic cleavage (Lazebnik et al, 
1994). For that reason, cleavage of PARP is widely 
used as a marker for the induction of apoptosis (Oliver 
et al, 1998). Whether this observation is due to the low 
activation of caspase-3 (Hensel et al, 1999) needs to 
be further investigated. However, caspase-3 does not 
seem to play any role in SC-1 apoptosis, and this 
provides further evidence that cleavage of PARP is not 
obligatory for induction of apoptosis. Recently, it was 
shown that PARP-/- fibroblasts expressing mutant 
uncleavable PARP are sensitive to CD95 apoptosis, 
but with a delayed cell death (Oliver et al, 1998). 

Slow kinetics are also visible in SC-1 -induced apo- 
ptosis, as confirmed by staining with M30 CytoDeath 
antibody and the slow decrease in expression of 
topoisomerase I la. The involvement of the cell-cycle 
regulator c-myc in apoptotic processes has been 
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shown in various experimental systems (Packham and 
Cleveland, 1995). Activation or overexpression of 
c-myc induces apoptosis, whereas cells with reduced 
c-myc expression seem to be resistant to various 
apoptotic stimuli (Dong et al, 1997). The up-regulation 
of c-myc expression in SC-1-induced apoptosis leads 
us to propose that SC-1 apoptosis mediated by 
CD55 SC * 1 is also dependent on c-myc. It has been 
shown that c-myc-dependent apoptosis induces 
cleavage of PARP and activation of caspase-3. Be- 
cause Ca 2 "" is also a regulator of some apoptotic 
processes (Yoshida et al, 1997), we investigated the 
effect of changes in the intracellular Ca 2+ concentra- 
tion on SC-1 -induced apoptosis, and a rapid increase 
in the [Ca 2 ^ was found. This increase in [Ca 2+ ], is not 
related to the apoptosis event, because apoptosis 
cannot be inhibited by the intracellular Ca 2+ blocker 
BAPTA. Yet the differences in the expression pattern 
shown by Western blot analysis indicate that [Ca 2+ ]j is 
involved in the regulation of CD55 expression. Also, 
membrane translocation of CD55 is regulated by 
Ca 2+ ? because, after the incubation of cells with 
BAPTA and induction of apoptosis, an increase in 
membranous staining is not visible (data not shown). 
Next to an increase of CD55 SC "\ we found an in- 
crease of a second protein of approximately 70 kd, 
which was identified as the Ku70 autoantigen (Hensel 
et al, 1999) and shows some cross-reaction with the 
SC-1 antibody. It was shown recently that this protein 
is involved in the apoptotic process. There was an 
increase of Ku70 expression found after induction of 
apoptosis by ionizing radiation in human lung carci- 
noma cell lines (Brown et al, 2000). Therefore, our data 
lead us to believe that Ku70 also plays a role in 
SC-1 -induced apoptosis. 

Complement-inactivating receptors have been 
shown to be overexpressed on a variety of tumor cells 
and represent ideal targets for therapeutic ap- 
proaches. However, our data have shown that the 
expression is not stable but, rather, is strongly vari- 
able. This limits the use of antibody-mediated cell lysis 
and vaccination for therapy. For ADCC, high amounts 
of CD55 inactivate the complement, which is needed 
by the therapeutical antibodies (Riethmuller et al, 
1994), and low expression reduces immunological 
processes (Durrant et al, 2000). 

The induction of apoptosis by the IgM antibody 
SC-1 is relatively independent of the number of CD55 
receptors. The reason for this is that, shortly after the 
binding of SC-1 to CD55, the cell increases its amount 
of CD55 on the surface to protect itself against a 
presumptive complement attack.This, ironically, does 
not help the cell to survive but, instead, enhances cell 
death. 

We do not know why stomach cancer cells express 
two isoforms of CD55 with different glycosylation 
patterns. It could provide an advantage in protection 
against autologous complement, and at least it does 
not have any negative selective effect in vivo. The 
amounts of circulating antibodies like SC-1 are gen- 
erally too low to become dangerous for the tumor. 
However, it would be interesting to examine tissues 



from other tumors for similar coexpression, and pos- 
sible targets similar to those on stomach cancer cells 
could be detected. 

Apoptosis is the most effective and safest way to 
remove tumors from the organism. So far, many 
apoptosis receptors are known, but none of them are 
tissue- or cell-specific, or at least overexpressed on 
tumor cells. The SC-1/CD55 apoptosis mechanism is. 
so far, unique, but it may be assumed that the search 
for new tumor-related apoptosis receptors on other 
malignant cells is likely to succeed, if one begins by 
looking for mechanisms first, and then for correspond- 
ing molecules. This will result in more promising 
targets for cancer therapy. 

Material and Methods 

Cell Culture 

For all assays, the established stomach adenocarci- 
noma cell line 23132 (Vollmers et al, 1993) was used. 
Cells were grown to subconfluency in RPMI-1640 
(PAA ( Vienna, Austria), supplemented with 10% FCS 
and penicillin/streptomycin (both 1%). For the assays 
described here, cells were detached with trypsin/ 
EDTA and washed twice with PBS before use. The 
human hybridoma celt line SC-1 was grown in serum- 
free RPMI-1640 medium (PFHM-ll; Life Technologies- 
Gibco BRL, Karlsruhe, Germany), using miniPerm Bio- 
reactors (InVitro Systems & Services, Osterode, 
Germany). 

Purification of the SC-1 Antibody 

The human monoclonal antibody was purified from 
mass cultures, using cation exchange chromatogra- 
phy followed by gel filtration, as described elsewhere 
(Vollmers et al, 1998a). 

Flow Cytometry 

The cell lines 23132 and HeLa were used for the 
analysis of CDSS 50-1 and CDSS™ 1 " receptor expres- 
sion. Cells were grown to subconfluency in complete 
medium, and then purified SC-1 was added to a final 
concentration of 40 /xg/ml for the indicated periods. 
As a control, cells were incubated in RMPI-1640 
medium with 10% FCS without SC-1 antibody. Cells 
were harvested after 24, 48, and 72 hours by detach- 
ing with Trypsin/EDTA. The cells were subsequently 
incubated on ice with SC-1 , anti-CD55 antibody (clone 
143-30, DPC Biermann, Bad Nauheim, Germany), and 
human (Chrompure human IgM; Dianova, Hamburg, 
Germany) or mouse isotype-matched (mouse IgGI; 
Pharmingen, Heidelberg, Germany) control antibodies 
for 15 minutes. This was followed by incubation with a 
FITC-labeled rabbit anti-human IgM antibody (Di- 
anova) or an R-phycoerythrin-labeled donkey anti- 
mouse IgG (Dianova), respectively, for 15 minutes on 
ice. Antibodies were optimally diluted in PBS contain- 
ing 0.01% sodiumazide. Cells were analyzed by flow 
cytometry (FACScan; Becton Dickinson, San Jose, 
California). 
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tmmunohistochemical Staining of Cytospin Preparations 

Subconftuentiy grown cells were incubated with puri- 
fied SC-1 antibody diluted to 40 jig/ml in complete 
growth medium and incubated for up to 48 hours. 
Adherent and detached cells were collected after the 
prescribed times, centrifuged, and resuspended in 
complete growth medium. After counting cells, cyto- 
spins were prepared and air-dried at room tempera- 
ture overnight. Cytospins were blocked with BSA (15 
mg/mf) diluted in PBS for 30 minutes. The cytospins 
were incubated for 1 hour with M30 CytoDeath anti- 
body (Roche Biochemicals, Mannheim, Germany) and 
washed for 30 minutes in PBS, followed by incubation 
with peroxidase-labeled rabbit anti-mouse conjugate 
(Dako, Glostrup, Denmark) diluted 1:25 in PBS/BSA. 
After washing for 30 minutes with PBS, staining was 
performed with diaminobenzidine (0.05%)-hydrogen 
peroxide (0.02%) for 10 minutes at room temperature. 
The reaction was stopped under running tap water, 
and sections were counterstained with hematoxylin. 

Inhibition of Caspases and Apoptosis Assay 

Cells were preincubated for 24 hours with the indi- 
cated concentrations of caspase inhibitors. Then the 
purified SC-1 antibody was added to the final concen- 
tration of 40 MQ/rnl, and plates were incubated for a 
further 24 hours. Apoptosis was detected using the 
CellDeath Detection p,us kit (Roche Biochemicals) fol- 
lowing the manufacturer's protocols. 

Preparation of Celt Lysates after induction with SC-1 

Cell line 23132 was grown to subconfluency on 
100-mm cell-culture plates. Then the SC-1 antibody 
was added to a final concentration of 30 ^g/ml and 
incubated for the periods indicated. After incubation, 
culture plates were washed once with PBS, and 
subsequently cells were directly lysed with SDS buffer 
(50 mM Tris/CI, pH 6.8; 10 itim DTT; 2% [w/v] SDS; 
10% [v/v] glycerol). Cell lysates were collected with a 
rubber policeman. 

For preparation of membrane proteins, harvested 
cells were resuspended in hypotonic buffer (20 mM 
HEPES, 3 mM KCI, 3 mM MgCI 2 ), incubated on ice (15 
minutes), and sonicated (5 minutes), and the nuclei 
were pelleted by centrifugation (10,000 xg f 10 min- 
utes). The membranes were pelleted by centrifugation 
(100,000 xg, 30 minutes) and resuspended in mem- 
brane lysis buffer (50 mM HEPES, pH 7.4; 0.1 mM 
EDTA; 1 M NaCI; 10% glycerol; and 1% Triton X-100). 
Complete protease inhibitor (Roche Biochemicals) 
was added to all solutions. 

Get Electrophoresis and Blotting 

SDS-PAGE under reducing conditions and Western 
blotting of proteins were performed using standard 
protocols as described elsewhere (Vollmers et al, 
1997). In brief, blotted nitrocellulose membranes were 
blocked with PBS containing 0.05% (v/v) Tween-20 
(except for SC-1) and 5% (w/v) low-fat milk powder, 



Molecular Analyst! of $C~t -Induced Apoptotit 

followed by a 1 -hour incubation with primary antibody. 
The antibodies were used in the indicated dilutions: 
SC-1, 10 iLQ/m\\ mouse anti-topoisomerase Nor, 
1:1000 (Neomarkers, Baesweiler, Germany); anti-c- 
myc, 1:1000; anti-CD55, 1:1000 (Santa Cruz, Heidel- 
berg, Germany); and anti-PARP. 1 :1000 (Pharmingen). 
The secondary antibodies (peroxidase-coupled rabbit 
anti-mouse IgG or rabbit anti-goat antibody [Dianova]) 
were detected with the SuperSignal chemilumines- 
cence kit from Pierce (KMF, St. Augustin, Germany). 



Measurement of Intracellular Free Calcium [CaP~*]t 

[Ca 2+ J, was determined using the Ca 2+ -sensitive dye, 
Fura 2-AM, as described (Grynkiewicz et al, 1985). In 
brief, cells were incubated with Ringer solution (122.5 
mM NaCI; 5.4 mM KCI; 1.2 mM CaCI 2 ; 0.8 mM MgCI 2 ; 1 
mM NaH 2 P0 4 ; 5.5 mM glucose; 10 mM HEPES, pH 7.4) 
containing Fura 2-AM in a final concentration of 5 /im 
for 15 minutes. After rinsing, the coverslips were 
mounted on the stage of an inverted Axiovert 1 00 TV 
microscope (Zeiss, Jena, Germany; magnification, 
X400). The fluorescence signal was monitored at 500 
nm with excitation wavelengths alternating between 
334 and 380 nm, using a 100 Watt xenon lamp and an 
automatic filter change device (Zeiss). Filter change 
and data acquisition were controlled by Attofluor 
software (Zeiss). [Ca 2 "" ] ( was calculated according to 
the method of Grynkiewicz et al (1 985), with a disso- 
ciation constant of 225 nM. The maximum and mini- 
mum fluorescence ratios (R max and R min ) were mea- 
sured after addition of the calibration solutions. R max 
was measured in the presence of Ringer solution 
containing 3 mM Ca 2+ and 1 /llm ionomycin, and R mjn 
was measured in the presence of Ca 2+ -free Ringer 
solution containing 3 mM ethylenebis(oxyethyienenr- 
trilo)tetraacetic acid (EGTA) and 1 jam ionomycin. 



Inhibition of Intracellular Calcium Release 

Cells were washed once with PBS and incubated for 
3 hours with the indicated concentrations of BAPTA 
diluted in complete growth medium. Then purified 
SC-1 antibody was added to a final concentration of 
40 ji,g/mt. As a control, the same cells were incu- 
bated without SC-1. Cells were incubated in a 
humidified incubator for an additional period of time 
as indicated and then used for either preparation of 
membrane extracts or performing CellDeath ELISA 
as described below, or they were fixed with 3% 
paraformaldehyde for morphological analysis. Cell- 
culture plates were analyzed for morphologic 
changes with the aid of a light microscope. 
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